Plasma levels of total high density lipoprotein cholesterol (HDL) and Its subtractions (HDL 2 and HDL 3 ) were measured In 366 healthy Caucasian males; these values were related to a number of coronary risk factors. On unlvarlate statistical analysis, total HDL was negatively correlated with cigarette consumption, body mass Index, and serum trlglycerldes, and positively associated with level of physical activity and alcohol consumption. HDL 2 showed an Inverse relationship with cigarette consumption, body mass index, trlglycerldes, and systolic blood pressure and a positive relationship with age. HDL 3 was negatively correlated with cigarette smoking, body mass index, and trlglycerldes and positively associated with exercise level and alcohol consumption. Total HDL and HDL 2 were Inversely related to coronary risk rating, but HDL 3 snowed no significant correlation. Many of these relationships became nonsignificant after allowing for the effects of other variables. In particular, none of the HDL measurements correlated significantly with risk score after allowing for the effect of trlglycerldes. There Is Insufficient evidence at present to recommend the Inclusion of HDL subfractions as routine screening tests for heart disease.
I t has been known since the early 1950s 1 that an inverse association exists between plasma high density lipoprotein cholesterol (HDL) levels and coronary disease. However, this association was largely overlooked until 1975, when Miller and Miller 2 proposed that HDL may exert a protective effect by promoting the clearance of cholesterol from the arterial wall. Since then, further studies have confirmed the association. 3^6 Moreover, HDL has been shown to be influenced by many of the established risk factors for heart disease. Thus a positive association has been found between HDL and both exercise 7 " 9 and alcohol intake, 9 " 12 and a negative association has been found between HDL and smoking, 9 ' 13 obesity 9 ' 14 and triglycerides. 15 ' 16 Human plasma HDL consists of two main subfractions, HDL 2 and HDL 3 with hydrated densities (d) of d = 1.063 to 1.125 g/ml and 1.125 to 1.210 g/ml respectively. It is thought that HDL 2 and HDL 3 are metabolically interrelated. Patsch et al. 17 have shown that HDL 3 is converted into an HDL 2 -like particle during the lipolysis of very low density lipoprotein (VLDL) by lipoprotein lipase. It is hypothesized that HDL 3 assimilates surface components derived from the triglyceride-rich VLDL particles and is thereby converted to HDL 2 . Further support for this concept was provided by the in vivo experimental data of Forte et al. 18 A recent paper by Haffner et al. 19 found that HDL 3 , rather than HDL 2 , is affected by smoking and alcohol consumption. In this study we have investigated the relationship between
Methods

Subjects
The study population consisted of Caucasian males attending a hearth screening center in north London. Subjects with a medical history of heart disease or diabetes or with a current complaint of angina, and those with an abnormal fasting glucose level were excluded from the study. Also excluded were subjects with electrocardiographic evidence of ischemic heart disease and those taking antihypertensive or lipid-lowering medication. We were left with a final sample of 366 healthy men.
The screening process, which has been described in detail elsewhere, 20 ' 21 included a detailed medical history and physical examination, chest x-ray and 12-lead electrocardiogram, and collection of blood for a number of biochemical and hematological measurements. Blood pressure was taken using a random-zero (Gelman Hawksley) sphygmomanometer, the value recorded being the mean of two measurements. Stage V end-point was used for the diastolic pressure. Weight (kg) and height (m) were recorded for each subject, and body mass index (BMI) was calculated as weight/height 2 . Cigarette smoking, alcohol consumption, and exercise level were assessed by a computerized questionnaire. Ex-smokers and those smoking only pipes or cigars were coded as non-cigarette smokers. Teetotalers (10 subjects) were omitted from the alcohol analysis. All procedures were approved by the ethical committee of BUPA Medical Research, and informed consent was obtained from each subject.
The subjects fasted overnight for 14 hours. Whole blood 341 342 ARTERIOSCLEROSIS V O L 7, No 4, JULY/AUGUST 1987 (10 ml) was collected Into plastic tubes containing EDTA as the anticoagulant. The plasma was separated within 2 hours of collection, and samples were analyzed on the same day. Plasma total HDL was determined by the standard heparin manganese method, 22 and HDL subtractions were determined by the differential dextran sulphate precipitation method of Gidez et al. 23 Although the double precipitation method lacks specificity, 24 ' a it is convenient and correlates well with ultracentrifugation methods of HDL subfractionation. 232526 A major difficulty is in determining the best concentration of dextran sulphate for the optimal separation of HDL 2 and HDL 3 . The recommended final concentrations ranged from 0.87 g/l for serum 25 to 1.3 g/l for plasma. 23 We previously advocated that the optimal concentration of dextran sulphate should be experimental- ly derived for each new batch of reagent. 26 For this study, we used a final concentration of 1.3 g/l. Clotted blood samples were also collected for the determination of serum cholesterol and triglycerides. These were measured by enzymatic methods 27 ' a on a Centrifichem centrifugal analyzer.
Statistical Analysis
The statistical analysis was done on an AMDAHL 470 V7/B computer, using the Statistical Package for the Social Sciences. 29 The associations between HDL subtractions and the continuous variables were assessed by means of Pearson product-moment correlation coefficients, and F-tests were used for discrete variables. Univariate tests for linear trend were carried out by analysis of variance, and the effects of confounding variables were allowed for by means of partial correlation, after taking the logarithms of systolic and diastolic blood pressure, triglycerides, and BMI and applying a square-root transformation to the number of cigarettes, the exercise level, and the alcohol consumption.
Results
The mean age of the subjects was 45.4 years (SD 10.5 years). The mean values of total HDL, HDL 2 , and HDL 3 were 1.23 ± 0.31 mmol/l, 0.42 ± 0.24 mmol/l, and 0.81 ±0.15 mmol/l, respectively. Table 1 shows the univariate relationships between total HDL and Its subtractions and various coronary risk factors. For BMI, blood pressure, and triglycerides, the sample has been divided into approximate quarters (Q1 to CM) on the basis of the distributions of these measurements. Table 2 shows the partial Pearson correlation coefficients between the three HDL measurements and each variable after allowing for the effects of all the other variables. Thus, for example, the correlation between total HDL and age is 0.184 after allowing for the effects of smoking, exercise, alcohol consumption, body mass index, blood pressure, and triglycerides.
Age
Both total HDL and HDL 2 showed a positive association with age. HDL 3 and age were uncorrelated.
Cigarette Smoking
All three measurements showed a decrease in the mean level associated with cigarette smoking. However, these effects became nonsignificant after controlling for other variables, in particular triglycerides.
Exercise
The total HDL and HDL 3 showed increases in the mean levels associated with physical activity. After multivariate analysis, this was only significant in the case of HDL 3 .
Alcohol Consumption
In each case there was an association between the mean level and alcohol consumption, but only for HDL 3 did 
Partial Correlation Coefficients
Body Mass Index
All three measurements showed a negative correlation with body mass index (BMI). The association was much stronger for HDL 2 than for HDL 3 . However, after adjustment for the effects of other variables, these correlations ceased to be significant. As with cigarette smoking, this was due mainly to the confounding effect of triglycerides.
Blood Pressure
After multivariate analysis there remained a weak positive correlation between diastolic blood pressure and both total HDL and HDL 3 . Systolic pressure was not related to either fraction.
Triglycerides
There was a strong negative correlation with all three measurements, the association being much greater for HDL 2 than for HDL 3 . This remained true after allowing for the effects of all other variables.
Risk Score
A cumulative risk score was calculated for each subject based on weight, diastolic blood pressure, cigarette smoking, total cholesterol, and exercise. Full details have been published elsewhere 9 and are summarized in Table 3 . A score of 0, 1, or 2 was allocated for each measurement, and the sum of these individual scores was taken as the cumulative risk rating. The possible range was from 0 (low risk) to 10 (high risk). Because of the small numbers, subjects scoring 5 or higher were grouped together. Table 4 shows the untvariate relationships between mean HDL, HDL 2 , and HDL 3 levels and cumulative risk score, and Figure 1 presents these results graphically. Total HDL and HDL 2 both showed an inverse relationship with increasing risk score. For HDL 3 there was no correlation. Once again, however, after adjusting for triglyceride levels, the correlations between risk and all three HDL measurements became nonsignificant ( Table 2 ).
Discussion
Few studies have reported on the association between HDL subtractions and coronary risk factors. Haffner et al. 19 studied the effects of smoking, alcohol, and adiposity on HDL subtractions in a group of 33 men and 17 women. They found that HDL 2 correlated much more strongly with BMI and triglycerides than did HDL 3 . We have confirmed these findings in a sample of 366 healthy men, although in our study the correlations with body mass index were secondary to the correlation with triglyceride levels. They also found that alcohol consumption was positively correlated with HDL 3 , but not with HDL 2 . Haskell et al. 30 have demonstrated the same effect in a group of 77 middle-aged men, and have also shown 31 that cessation and resumption of moderate alcohol intake affects HDL 3 levels, whereas HDL 2 remains unchanged. Because of the considerable evidence that coronary heart disease relates to changes in HDL 2 rather than total HDL, 32 " 35 these authors go on to suggest that the lower incidence of heart disease in moderate drinkers as compared with nondrinkers 38 " 40 may be mediated through a mechanism unrelated to HDL. In our study, likewise, the only consistent relationship with alcohol intake was an increase in HDL 3 with increasing consumption. The association with HDL 2 was much weaker.
Haffner et al. 19 also found a similar association with cigarette smoking; i.e., a negative correlation between smoking and HDL 3 , but no correlation between smoking and HDL 2 . There is a suggestion of a similar effect in the univariate analysis of our data, but after allowing for confounding variables, we found no correlation between cigarette smoking and HDL levels. Values are mmol/l ± SD. Test for trend: §p < 0.001; NS = not significant.
Berg et al. 41 investigated the changes in HDL subfractions induced by a single period of extended physical exercise, and concluded that exercise Induces an increased formation of HDL particles of lower density from HDL partides of higher density." This is in agreement with the findings of Nye et al. 42 who studied 17 men over the course of a 10-week training program and found that HDL 2 rose, HDL 3 fell, and consequently total HDL remained unchanged. On the other hand, many studies have found higher levels of total HDL in active as opposed to inactive subjects, 7 " 943 and in a review article on the effect of exercise on plasma HDL 44 the authors concluded that "the increase in plasma high density lipoprotein appears to be the result largely of an increase in the less dense HDL 2 subtraction." In this study, however, we found significantly higher levels of HDL 3 , but not HDL 2 , measurements in active subjects.
The higher mean levels of total HDL and HDL 2 in men over age 55 years in our study may be due to either an enrichment of this group by subjects with high levels, or a depletion of those with low levels-the so-called 'survivor effect. ' The much stronger negative correlation between triglycerides and HDL 2 than between triglycerides and HDL 3 Is in agreement with earlier findings 16 ' 19|23|4S and may be due to the derivation of HDL 2 from HDL 3 by its interaction with VLDL, as proposed by Patsch et al. 17 The results depicted in Figure 1 confirm the importance of HDL 2 as the "active" subtraction in heart disease. As the risk weighting increases, total HDL and HDL 2 levels decrease almost in parallel, whilst HDL 3 remains virtually unchanged. However, the fact that these relationships become nonsignificant when the effects of other variables are taken into account suggests that HDL per se may not be an independent risk factor for heart disease. This was the conclusion reached by Shaper et al. 48 who used multivariate methods in a prospective study of 7735 middle-aged men. In our study, the effect of HDL on risk score and on most individual risk factors was mediated by its association with triglyceride-although the value of this measurement itself as an independent risk factor has been queried by some. 46 ' 47 However, despite the lack of independence, total HDL remains a useful summary indicator of CHD risk. It is a relatively simple and inexpensive assay to perform, and plays an important role in any battery of screening tests. On the other hand, the evidence from our study would suggest that the increase in predictive power gained by measuring HDL subtractions is marginal and insufficient to justify the additional expense of including them as routine tests.
It should be stressed that our conclusions are based on a cross-sectional analysis that correlates HDL subtractions with generally accepted risk factors. We deliberately excluded from the study people with heart disease because the aim of health screening is to detect individuals at risk before clinical symptoms become manifest; thus we were interested in the correlations within a distribution of healthy subjects. A prospective, longitudinal study following up people with different levels of HDL subtractions would be of great help in evaluating their merits as CHD risk factors. However, at present we do not feel that there is sufficient evidence to recommend the inclusion of HDL subtractions as routine screening tests.
